1 3 1 considered the subsections' occupancy status to remain unchanged (the closure assumption). By focusing on the July-November period, we excluded the reproduction season (April to 1 3 3 June) during which male bears in particular are known to increase their movement range 1 3 4 while they look for females (Clevenger, Purroy and Pelton, 1990) . Despite this precaution, 1 3 5 movements may still occur in and out the subsections and, assuming these movements are 1 3 6 7 random, occupancy should be interpreted as habitat use rather than the proportion of area 1 3 7 occupied by the species (MacKenzie and Nichols, 2004) . More precisely, "the usage made of 1 3 8 various habitat components within the home range" is usually referred to as third-order 1 3 9 selection (Johnson, 1980) .
We relied on previous habitat suitability studies on brown bears in Europe to select 1 4 1 candidate environmental and anthropogenic covariates for our analysis (Martin et al., 2010 , 1 4 2 Martin et al., 2012 , Mertzanis et al., 2008 . We considered five environmental and 1 4 3 anthropogenic covariates for each mountain massif subsection (Table 1; Figure A1 ). Roughness was obtained as the mean of the absolute differences between the altitude of a 1 4 5 massif subsection and the value of its contiguous mountain subsections (Wilson et al., 2007) . We used the IGN BD_ALTI® database (250m resolution) to calculate the mean altitude of Socioeconomic data and applications center (http://sedac.ciesin.columbia.edu/data/set/gpw-1 5 1 v3-population-count/data-download). The maximum correlation between these covariates was 1 5 2 0.51 in absolute value. We used the Akaike's Information Criterion (AIC, Burnham and et al., 2012) , which proceeded as follows. First, we started by selecting the best 1 5 9 model structure by focusing on time-varying covariates only, namely year and survey. We 1 6 0 considered 8 different models in total, with either no effect (.) or a year effect on colonization 1 6 1 8 γ and extinction ε, and either no effect (.) or a survey effect (where a survey refers to a month, 1 6 2 hence a survey specific covariate) on detection probability p (Table 2) . Because the sampling 1 6 3 effort was homogeneous over the study period, we did not consider a year effect on detection. Second, based on previous bear occupancy studies (Martin et al., 2010 , Martin et al., 2012 Mertzanis et al., 2011 , Nielsen et al., 2010 , Nielsen, Stenhouse and Boyce, 2006 and bear 1 6 6 biology, we considered specific combinations of the environmental or anthropogenic effects 1 6 7 on each of the parameters (ψ 1 , γ, ε and p, Table 1 ). We tested possible negative effects of 1 6 8 covariates human density and road length on initial occupancy ψ 1 as a previous study showed et al., 2010 , Martin et al., 2012 , Naves et al., 2003 , Nellemann et al., 2007 . For 1 7 3 colonization γ, we studied possible effects of roughness and human density that were the most 1 7 4 commonly significant covariates in previous bear distribution studies (Martin et al., 2010) . We considered for extinction ε the possible effect of the two anthropogenic covariates human 1 7 6 density and road length. Finally, we tested the possible effect of human density, roughness 1 7 7 and forest cover on detection p as both could potentially influence the accessibility of bear 1 7 8 tracks to observers. To account for the variability in the size of a subsection, we also included 1 7 9 its area as a covariate on detection in all models without submitting it to selection. In total, we 1 8 0 fitted all possible 8192 models. Because there was uncertainty in the selection of the best set of covariates, we resorted To assess a potential trend over the years in habitat use, we first estimated the 1 8 6 occupancy status of each subsection for each year. We then tested a linear effect of year on 1 8 7 the binary occupancy variable using a conditional autoregressive correlation model and an 1 8 8 adjacency matrix between the different subsections to specify the correlation matrix (Rousset 1 8 9
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and Ferdy, 2014). A likelihood ratio test (LRT) was performed to assess the significance of 1 9 0 this temporal trend. We applied this procedure to all models with ΔAIC < 2. Eventually, we built maps for initial occupancy, detection, colonization and extinction 1 9 2 by calculating the probability at a given subsection using the model-averaged parameter 1 9 3 estimates and the value of the covariates for this given subsection. RColorBrewer and spdep packages. The data and R codes are available on GitHub at 1 9 7 https://github.com/oliviergimenez/ursus_Pyrenees_occupancy. We found no year or survey effects on any of the parameters ψ 1 , γ, ε or p ( Table 2 ). The ΔAIC 2 0 2 of the next two best models (with a year effect on extinction ε and a survey effect on detection 2 0 3 p respectively) was >2, therefore we used the model with constant parameters as the basic 2 0 4 structure for the next step. Despite model uncertainty in the results of the selection procedure 2 0 5 on environmental and anthropogenic covariates, some covariates were always included in 2 0 6 models with ΔAIC < 2 (Table 3) : roughness on detection and colonization probabilities and 2 0 7 human density on extinction and initial occupancy probabilities. We refined the patterns found in the covariate selection step by examining the effect sizes (on 2 1 0 the logit scale; Figure 2 ). While the effect of roughness on detection probability and that of 2 1 1 human density on both extinction and initial occupancy probabilities were confirmed, the 2 1 2 colonization probability was not associated with any covariates. We investigated further the 2 1 3 links between the covariates and initial occupancy, colonization, extinction and detection probabilities by assessing the shape of these relationships (after back-transformation; Figure   2 1 5 3). An increase in roughness was associated with an increase in the detection probability, 2 1 6
while it was more difficult to detect bears (when present) in large subsections. Initial 2 1 7 occupancy ψ 1 was strongly negatively correlated with human density ( Figure 2B ), with the 2 1 8 least populated areas being much more likely to be used by bears, just like extinction ε was 2 1 9 negatively correlated with human density. The initial occupancy map ( Figure 4B ) clearly showed two population cores (Western and were close to zero ( Figure 4C ). Detection was higher in the Central core than it was in the 2 2 7
Western core ( Figure 4A ). The colonization map indicated that the Western population core was more likely to expand to the East, while the Central one was more likely to expand to the West ( Figure 4C ). These last observations were confirmed by the yearly occupancy maps Central population core (Southeast Ariège, Southwest Aude and Pyrénées-Orientales). was detected (p-value < 0.01 for all models in Table 3) , with no new areas being colonized 2 3 6 while others clearly went extinct. Human density had a strong, negative effect on initial occupancy probability ψ, with the least 2 4 0 densely populated areas being the most likely to be used by bears. This result confirms 2 4 1 previous analyses suggesting that bears tend to live far from the areas with the most intense 2 4 2 human activity (Long et al., 2010 , Martin et al., 2010 . Several factors such as the habituation Contrary to what we were expecting, human density was negatively correlated with the 2 5 1 probability of extinction. A possible explanation is the influence of demographic stochasticity Finally, we found a positive correlation between the detection probability and roughness. A funneling effect might explain why signs of bears were easier to detect (when the species was 2 6 0 present) in small subsections than in large ones. Overall, species detection was imperfect and 2 6 1 estimated below 0.6, therefore confirming the need to correct for it to avoid underestimating 2 6 2 occupancy. The occupancy maps for bears in the Pyrenees clearly showed the existence of two 2 6 5 independent population cores, one located in the West and another in the Center of the Pyrenees ( Figure 4B, Figure 5 ). The two cores remained unconnected during the timespan of 2 6 7 the study. The dynamics of occupancy over the study period ( Figure 5 ) showed that habitat Central core is consistent with the lack of bear tracks found in Southeast Ariège and results demonstrate the usefulness of dynamic occupancy models to highlight trends in habitat 2 7 2 use that cannot be identified by static species distribution models (MacKenzie et al., 2003) . The fact that we found many mountain subsections with a high occupancy probability in the 2 7 4
Western core despite the fact that only 2 to 3 bears were estimated to live there between 2008 core to occupy all subsections at the same time. This means that we estimated the habitat use presence does not have to be permanent to be a source of conflict, and therefore habitat use relatively large home ranges (Gittleman and Harvey, 1982) and their use of large areas 2 8 2 without actually occupying much land at any given time. We anticipate that our results will be useful as part of the "scientific evidence gathering" that 2 8 5 is required for conflict mitigation (Redpath et al., 2013) . Attacks on livestock are one of the 2 8 6 main causes of the negative attitudes towards carnivore presence in general (Kaczensky, 2 8 7 Blazic and Gossow, 2004, Sponarski et al., 2013) and towards brown bears in the Pyrenees in human-wildlife conflicts (Aswani, 2011 , Dupont et al., 2011 , Estoque and Murayama, 2014 . We are grateful to the volunteers of the Brown Bear Network and the ONCFS Bear Team for 2 9 8 collecting and sharing precious data and knowledge on the Pyrenean brown bears. Araújo, M. B. , Guisan, A. (2006) . Five (or so) challenges for species distribution modelling. Bayne, E. M., Boutin, S., Moses, R. A. (2008) . Ecological factors influencing the spatial 3 1 0 pattern of Canada lynx relative to its southern range edge in Alberta, Canada. practical information-theoretic approach, 2nd edition. New York: Springer-Verlag. Camarra, J. J., Sentilles, J., Bombillon, N. , Quenette, P. Y. (2012) . Suivi de l'ours brun dans Carroll, C. , Miquelle, D. G. (2006) . Spatial viability analysis of Amur tiger panthera tigris Carroll, C., Phillips, M. K., Schumaker, N. H. , Smith, D. W. (2003) . Impacts of landscape Chapron, G., Kaczensky, P., Linnell, J. D. C., von Arx, M., Huber, D., Andren, H., Lopez-
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